The aim of this study was to compare the clinical performance of 2 sensitive cTnI assays with 10% CV imprecision below the 99th percentile upper reference limit.
CONCLUSIONS:
The AccuTnI assay identified more patients at risk than the Centaur cTnI Ultra assay. Our results demonstrate the clinical potential of highsensitivity cardiac troponin assays for the identification of patients at risk of dying from cardiovascular disease.
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Measurement of cardiac troponins in blood is currently the procedure of choice for the biochemical identification of patients with myocardial cell injury (1 ). With the introduction of hypersensitive assays for cardiac troponin I (cTnI) 5 , it has become possible to measure cTnI even in healthy subjects (2 ). We showed previously that minor elevations of cTnI are predictive of long-term fatal outcomes, not only in subjects with diagnosed cardiovascular disease (CVD), but also in subjects with no known CVD (3 ) . The consensus documents published by AACC and the European Society of Cardiology proposed that the 99th percentile of the upper reference limit (URL) shall be used as a cutoff for the diagnosis of myocardial infarction (4, 5 ) , and that the analytical goal of the assay should be imprecision of Յ10% CV at the 99th percentile URL. Two commercial cTnI assays currently available seem to meet these criteria, the AccuTnI assay from Beckman Coulter and the Centaur cTnI assay from Siemens Healthcare Diagnostics (formerly Bayer). The 10% CV concentration of the AccuTnI was recently shown to be 0.014 g/L, with age-dependent 99th percentile URLs ranging from 0.02 to 0.04 g/L (2, 6 ) , whereas the Centaur has a 10% CV at 0.03 g/L, with a 99th percentile of 0.04 g/L. The clinical performance of the Siemens Centaur cTnI assay was evaluated in a recent report (7 ) , and the prognostic performance of the Beckman Coulter AccuTnI assay has been largely documented (3, 6, 8 -11 ) .
The aim of this study was to compare the clinical performances of 2 sensitive cTnI assays using a subsample of the Global Use of Strategies To Open Occluded Coronary Arteries (GUSTO) IV cohort, from which are available outcome data of 1-year mortality and the composite endpoint DMI [death and/or myocardial infarction (MI) within 30 days] (12, 13 ) .
Patients and Methods

PATIENT SELECTION
The GUSTO IV trial included 7800 patients with non-ST-elevation acute coronary syndrome (ACS) from 458 centers in 24 countries during 1999 and 2000 (12, 14, 15 ) . The detailed design and main results of the trial have been published. Eligible patients were Ն21 years of age with 1 or more episodes of angina lasting Ն5 min, within 24 h of admission, and either a positive cardiac TnT or TnI test (above the upper limit of normal for the local assay) or Ն0.5 mm transient or persistent ST-segment depression. The study was conducted in a double-blind fashion with patients randomly assigned to 3 treatment groups: abciximab infusion for 24 or 48 h or corresponding placebo infusion. All patients received aspirin, 150 -325 mg orally once a day, for long-term treatment as well as either unfractionated heparin infusion for 48 h (n ϭ 6 826) or subcutaneous dalteparin every 12th hour for 5-7 days (n ϭ 974). Coronary angiography was not to be performed during or within 12 h after the completion of study agent infusion. For this study, we randomly selected serum samples from a cohort of 1260 patients. Samples were missing from 9 patients, making the final cohort 1251 patients.
The study on healthy subjects consisted of 442 men and women included in the Sweden Women and Men and Ischemic Heart Disease (SWISCH) study during 2000 -2001 (16 ) . SWISCH was a case-control study on risk factors for coronary artery disease in elderly men and women, for which subjects were randomly recruited from the population using the population registry. Subjects were matched for age and sex, with patients having unstable coronary artery disease included at 6 hospitals in the Fragmin and Fast Revascularisation during Instability in Coronary Artery Disease (FRISC) II trial during 1996 -1998. Details of these studies have been published (16 -18 ) .
LABORATORY ANALYSES
Venous blood samples were collected in evacuated tubes via a direct venous puncture at baseline. An aliquot of the serum samples at baseline was stored at Ϫ70°C and used for the analysis of cTnI and Nterminal pro-brain natriuretic peptide (NT-proBNP). We measured NT-proBNP using an Elecsys 2010 (Roche Diagnostics), and the analytical range extended from 20 to 35 000 ng/L. Our in-house total CV was 3.3% (n ϭ 21) at a concentration of 209 ng/L and 3.0% (n ϭ 21) at a concentration of 7431 ng/L.
We measured cTnI using the Access AccuTnI assay (Beckman Coulter) and the Centaur cTnI Ultra assay commercialized by Siemens Healthcare Diagnostics. For the AccuTnI assay, the 99th percentile URL was 0.04 g/L for healthy subjects regardless of age and 0.021 g/L for subjects Ͻ60 years (2, 19 ) . The lowest concentration measurable with the previous assay with a 10% CV was 0.06 g/L. Minor modifications of the commercially available AccuTnI assay have recently been introduced by the manufacturer, however, and we used this modified assay in the study. These modifications resulted in more robust results at the low end, with 10% and 20% CVs at 0.014 and 0.008 g/L, respectively (6 ) . The lowest concentration measurable with the Centaur cTnI Ultra assay with a 10% CV was 0.03 g/L, and with a 20% CV, 0.025 g/L, which is in accord with the imprecision estimates given in the package insert of the assay. Imprecision data were derived from imprecision profiles of duplicate samples of large cohorts of ACS patients. cTnI on Centaur was analyzed at the clinical chemistry laboratory, Gävle Hospital (Gävle, Sweden) and cTnI on the Access at the clinical chemistry laboratory, University Hospital (Uppsala, Sweden). Analyses of cTnI in the 2 laboratories were performed during the same time period, but on separate aliquots of never-thawed freshly frozen samples. In both laboratories, the analysis work was performed in batch by dedicated personnel outside the clinical workflow.
STATISTICS
We used Passing-Bablok regression analysis, BlandAltman bias plot, ROC curve analysis, Mann-Whitney nonparametric test for group comparisons, McNemar test, and test for differences in proportions. All calculations were performed using Medcalc v. 9, Statistica for Windows v. 8, and SPSS 11.5.
Results
Fig . 1 shows the Passing-Bablok regression analysis of the AccuTnI and Centaur cTnI assays. The r 2 was 0.83 and the equation y ϭ Ϫ0.03395 ϩ 1.7804x. Thus, overall the Centaur cTnI assay produced 78% higher values (95% CI 1.74 -1.82) than the AccuTnI. The relationship between the assays also showed significant deviation from linearity (P Ͻ 0.01). The figure also shows a Bland-Altman bias plot that indicates a systematic bias between the assays. Fig. 2 shows the cTnI concentrations, as measured by Centaur cTnI, in the SWISCH cohort of healthy subjects. After elimination of 3 outliers, the 99th percentile of the whole cohort was 0.08 g/L, with a clear tendency toward an agedependent relationship-that is, toward higher concentrations at higher ages. This tendency was further supported by the fact that the cTnI concentrations in the 2 cohorts Ͻ or Ͼ60 years of age differed significantly (P ϭ 0.0002).
The AccuTnI had a higher sensitivity for identifying death within 1 year (P Ͻ 0.001) compared with the Centaur cTnI assay when the 10% CV cutoffs were used (100% and 88% sensitivities, respectively) ( Table 1) . The AccuTnI assay also demonstrated a higher sensitivity for identifying the composite endpoint DMI (P ϭ 0.02). When using the 99th percentile URL based on the SWISCH cohort of healthy subjects, the sensitivities of the 2 assays were nonsignificantly different. No statistically significant differences in the areas under the curve (AUCs) for ROC curves were observed between the assays. For the endpoint death within 1 year, AUCs were 0.58 for both assays. For the composite endpoint DMI, the AUCs were 0.63 and 0.64 for AccuTnI and Centaur cTnI, respectively.
The relative risk of having an outcome of death within 1 year was 1.136 times higher (P ϭ 0.0005), and of having the composite outcome DMI, 1.069 times higher (P ϭ 0.02) with a positive AccuTnI result compared to having a positive Centaur result when using the cutoffs based on the 10% CV. Using cutoffs based on the 99th percentile URLs, no differences in relative risks were observed.
The clinical performance comparisons between the AccuTnI and Centaur cTnI assays are shown in Tables 2 and 3 . In the comparisons, we used the cutoffs of 10% CV and the 99th percentile URL based on the SWISCH cohort. As endpoints, we used death within 1 year as well as the composite endpoint DMI. The comparisons based on the 99th percentile URLs showed a concordance between the 2 assays of 88.9%. In analysis of discordant results, 10.6% of the patients had increased concentrations only by the AccuTnI assay, whereas 0.6% had increased concentrations only by the Centaur assay (P Ͻ 0.0001). Twelve patients died within 1 year, and 7 died and/or had an MI within 30 days in the AccuTnI-only group, compared with 1 patient in the Centaur-only group (P ϭ 0.003 [deaths] and P ϭ 0.07 [DMI]). When the 10% CV cutoffs were used, the concordance was 79.3%. Thus, 20.4% of the patients had concentrations above the cutoff only with the AccuTnI vs 0.2% only with the Centaur cTnI (P Ͻ 0.0001). In the AccuTnI-only group, 13 patients died and 6 died and/or had a MI within 30 days, compared with none in the Centaur-only group (P ϭ 0.0002 [deaths] and P ϭ 0.03 [DMI] ). It should also be noted that none of the subjects having AccuTnI concentrations Ͻ0.014 g/L died within 1 year or had a MI within 30 days. Applying the 99th percentile URL, the 1-year mortality was 9.6% (n ϭ 92) vs 5.5% (16) in the cohorts with AccuTnI concentrations above and below the cutoff [odds ratio (OR) 1.8, 95% CI 1.1-3.2, P Ͻ 0.029], and DMI was 9.0% (n ϭ 86) vs 2.4% (9) (OR 4.0, 95% CI 1.8 -8.8, P Ͻ 0.001). Corresponding figures for Centaur Ultra cTnI results were 9.7% vs 6.5% (OR 1.6, 95% CI 0.99 -2.4, P ϭ 0.053) and 9.6% vs 3.1% (OR 3.3, 95% CI 1.8 -6.0, P Ͻ 0.001).
A large number of patients had nonincreased concentrations with either cardiac troponin assay. To understand better the relevance of nonincreased cardiac troponin concentrations, we used NT-proBNP as an alternative marker of myocardial dysfunction and compared the proportions of patients with nonincreased cardiac troponin in the patient group that had increased NT-proBNP. For this purpose, the patient cohort was divided into those with NT-proBNP higher than the median concentration for the whole cohort of 669 ng/L (high NT-proBNP) and those with concentrations less than the median for the whole cohort (low NT-proBNP). NT-proBNP concentrations in our patient cohort have been reported (20 ) . Using the 99th percentile cutoff, only 4.4% of the patients had nonincreased AccuTnI concentrations in the high NTproBNP cohort, compared with 9.3% for the Centaur cTnI Ultra assay (P Ͻ 0.0001). Using the 10% CV cutoff, 0.1% of the patients in the high NT-proBNP cohort had nonincreased AccuTnI concentrations, compared with 4.5% for Centaur cTnI (P Ͻ 0.0001).
Discussion
Only a few cTnI assays are sensitive enough to measure cardiac troponin concentrations below the 99th percentile URL with acceptable imprecision. Two such assays are available-from Siemens, the Centaur cTnI Ultra assay, and from Beckman Coulter, the Access AccuTnI assay. Although both assays are highly sensitive, significant differences were seen in their capacity to identify patients at risk of premature death from cardiovascular disease. These differences were most obvious when cutoff concentrations of 10% CV imprecision were used in the comparisons, but were also suggested when the 99th percentiles URL were used. Our study again emphasizes the importance of highly sensitive assays with low imprecision for the detection of all patients at risk. The differences in numbers of deaths identified by the 2 assays were quite substantial and also highly dependent on the applied cutoff. As can be deduced from Tables 2 and 3 , all 108 patients who died had concentrations higher than the 10% CV cutoff of AccuTnI, but only 92 patients were identified using the 99th percentile URL; thus, there was a gain in diagnostic sensitivity of 16 patients if the lower cutoff was applied. Similar (but less impressively different) figures were obtained when comparing use of the 10% CV and 99th percentile cutoffs with the Centaur cTnI Ultra assay. In previous studies, we suggested the antibody configuration of the cTnI assays to be an important factor in determining their relative clinical performance (8 ) . Assays such as the old AxSym assay from Abbott Diagnostics, the Liaison assay from Diasorin, and the Immulite 2500 cTnI assay from former DPC (Diagnostics Products Corporation) all had an inferior clinical performance compared with the AccuTnI assay (2, 9 ), whereas the reconfigured cTnI Architect assay from Abbott Diagnostics achieved a performance similar to that of the AccuTnI assay (8 ) .
The configuration of the Centaur cTnI assay is very similar to the Abbott Architect assay, with 2 antibodies directed against epitopes in the heart-specific region of troponin I, amino acids 27-40 and 41-49, and 1 directed against the epitope 87-91. The performance of the Centaur assay was therefore expected to be similar to that of the AccuTnI assay, and because we did not find this to be the case, it is important to consider possible reasons. One is the fact that the AccuTnI is more sensitive in its present setup, since we estimated the 10% CV concentration to be 0.014 g/L and therefore well below the 99th percentile URL. From the regression analysis, this should correspond to 0.025 g/L for the Centaur assay, which is fairly close to the 10% CV concentration of 0.03 g/L. Also, the 99th percentile cutoffs are close to the theoretical concentrations based on comparisons from the regression analysis, since 0.04 g/L should correspond to about 0.072 g/L and the actual 99th percentile was 0.08 g/L. Thus, although slight differences in analytical sensitivities could explain part of the differences in clinical performance, other analytical issues may be involved as well. Beckman Coulter optimized their assay recently without changing the antibody configuration of the assay. This optimization resulted in a substantial improvement of the concentration at which 10% CV imprecision is achieved from the previous 0.06 to the current 0.014 g/L (6, 19 ) . Differences in choice of capture and detection antibodies are other issues that may be of im- portance, since the Centaur cTnI assay includes, as stated above, an antibody directed against the epitope 87-91 to which autoantibodies may be directed (21 ) . It is therefore possible that a comparison of the Architect assay with the improved AccuTnI would have had similar results to the Centaur comparison and that the differences in the assays relate to the inclusion of this antibody in the assay and the interferences of autoantibodies. One of the major issues raised in recent years regarding cardiac troponin measurement is how sensitive the assays should be. No clear answer to this question has yet been given, but it is quite apparent that the more sensitive the assays are, the more patients are actually identified at risk of premature death. This was clearly shown in cohorts of ACS patients (6, 22 ) , but also in population-based studies (3, 11 ) . In this study, we have shown in a high-risk population cohort of non-ST-elevation ACS that lowering the cutoffs allows the detection of substantially more patients at risk, since no deaths were found to occur with cTnI concentrations below the 10% CV cutoff for AccuTnI. To validate this cutoff further, we related the classification of patients by this cutoff to that of NT-proBNP as another marker of myocardial dysfunction. Interestingly, only 1 patient with cTnI below this cutoff had NT-proBNP concentrations above the median. When using the 99th percentile URL as a cutoff, an additional 54 patients below that higher cutoff also had NT-proBNP above the median. In comparison with Centaur cTnI, however, these numbers were much lower, indicating that a substantial proportion of patients may be presenting with high-risk left ventricular dysfunction and are therefore misjudged when higher cutoffs or lesssensitive troponin assays are used in risk stratification.
This study has some limitations. One is the definition of the 99th percentile of the upper reference limit. We have deliberately used the SWISCH cohort for these purposes, since its age and sex distribution is similar to that of the GUSTO IV cohort. However, it is quite likely that some of the elderly subjects had a subclinical disease with slightly increased concentrations, and that the true 99th percentile of healthy subjects has been overestimated. However, for the assay comparison it seemed important to define the cutoffs in the same cohort. Another limitation may be the fact that the samples were run in different laboratories involving different personnel with samples that had been stored frozen for a substantial length of time. Even if previous studies indicated that plasma cardiac troponin I is very stable during storage (23 ), we cannot exclude some alterations in the antigenicity of the molecule that may have affected the 2 assays differently. It is also noteworthy that no differences were seen between the assays when compared by means of ROC-curve analyses. This inability, however, may reflect the relative insensitivity of ROC-curve analysis to identify differences in assay performances in studies with relatively few events (24 ) . Such analysis should therefore be complemented by alternative means of comparison, as was shown in this report.
We conclude from this study that when using comparable cutoffs, the AccuTnI assay identified more patients with poor outcomes and at risk of premature death in cardiovascular disease than the Centaur cTnI Ultra assay. The differences may be partly explained by the greater analytical sensitivity of the AccuTnI assay, but are probably also related to the overall configurations of the assays, including choice of antibodies. Our study also shows the utility of highly sensitive cardiac troponin assays for the identification of patients at risk and clearly indicates that the adoption of the 99th percentile URL for risk prediction of patients with the acute coronary syndrome has major limitations and should be reevaluated. 
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